This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

Q BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



® 



J 



Europfiisches Patentamt 
European Patent Office 
Office europien des brevets 



0 Publication number 



3?? 



0 243 947 

A1 



(3) 



@ AppUcation number 87106225^ 
@ Date of fiOhg: 29.04^ 



EUROPEAN PATENT APPLICATION 
® ii!La4:A61K9/56 



© Priority: 30.04^ DE 3614657 


0 Applicant DORNIER MEDIZINTECHNIK GMBH 


® Date of publication of application: 


Postfach1128 


D-8034 Germering 1(DE) 


04.11^7 Bulletin 87/45 


0 Designated Contracting States: 


0 Inventon Schwarze, Werner, Dr. 


Johannlter Strasse 4 


CHDEFRITU 


D-7778 8toclcach(DE) 




0 Representative: Landsmann, Ralf, DIpL-lng. 




Kteeweg 3 




D-7990 Frfedrlchshafen 1(DE) 



0 Acoustic shock wave targeting of drug delivery In patients. 

0 Acoustic shock waves generated outside a patient's body are focused upon selected target zones within a 
patienf s body to cause release of biologically active substances from Dposomes administered to the patient The 
procedures may serve to increase cell uptaice of drugs and reduce systemic toxicity. 
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Generally, biologically active substances such as antitumor agents, antimicrobial drugs, antiinflam- 
matory and immunomodulatory agents and CNS-acting drugs have been incorporated into liposomes. 
These liposome encapsulated substances have generally been used for therapeutic applications such as 
cancer therapy, arthritis, metal chelation therapy, enzyme replacement therapy, hemophilia (factor VIII), 

5 myocardial infarction and the use of liposomes as radiopharmaceutical markers. 

A problem area associated with liposome drug delivery systems has related to the release of the drugs 
In vivo. Release often has been accomplished by natural degradation of the liposomes in the presence of 
body fluid, even though there is much difficulty associated with this approach. A liposome which degrades 
too rapidly releases its contents uncontrollably in a short period of time. On the other hand, a liposome that 

TO is too stable also will be ineffective as a means for delivering drugs to the locations where they are desired. 
Moreover, the methods which have been used for directing the liposomes to a paiticular target have not 
been entirety satisfactory. These methods include "passive" targeting methods which utilize natural 
localization patterns of liposomes as the result of such factors as liposome size and administration method. 
There also are "active" targeting methods which involve the alteration of the natural (passive) tissue 

fS disposition pattems of liposomes administered by different routes to cause interaction with specific cells, 
tissues, or organs. In addition, there are "physical targeting" methods v^ich involve the construction of 
liposomes vyith physicochemical properties that result in drug release through lipid bilayer breakdown In 
response to exposure to specific environmental conditions such as changes in temperature and pH. 

ao 

SUMMARY OF THE INVENTION 

It is an object of tiie present invention to provide for a liposomal delivery method which delivers and 
releases a biologically active substance to a particulariy targeted area, thereby enhancing the uptake of the 
25 agent in a specifically targeted portion of the body. 

It Is a further object of the present invention to provide for a method for delivering an increased 
concentration of cytostatic drug to a targeted areas of the body while limiting the toxic effect of the drug 
and the rest of the t>ody. 

It is another object of the Invention to enhance the cell uptake of a biologically active sut)stance to a 
30 targeted area by directing acoustic shock waves to the targeted zone to concumentiy release the substance 
from liposomes located In the targeted area and condition the cells in the target area. 

• Yet another object of the invention is to utilize acoustic shock waves to release drugs from liposomes 
formed from (1) lipid material which, if used alone, would provide lipid bllayers offering high resistance to 
leakage undiar tiie action of shock waves, and (b) anotiier ingredient which coacts witii the lipid material to 
3S provide lipid bllayers which are sensitive to shock waves. 

Briefly stated, the present invention provides a selective delivery method comprising the steps of 
administering an encapsulated biologically active substance to a body and targeting the delivery of said 
substance to a particular location In said tx)dy. wherein said substance is encapsulated In a liposome upon 
administration and at least a portion of the substance is selectively released from the liposome by exposing 
40 the target area to acoustic shock waves. 

The present invention Is particulariy advantageous in that It provides for enhanced control over the 
release of biologically active substances. That is. by means of focused acoustic shock wave exposure of a 
target volume, an encapsulated biologically active substance can be released in oontrolled doses at 
predetermined locations. Since the present invention provides for the release of a controlled amount of 
45 encapsulated substances at higher local concentration in the targeted area, this not only will enhance the 
probability but also the rate of cell uptake across tiie cell membrane of a therapeutic amount of the 
substance. 

In addition to the improved targeting of the biologically active substance as described above. ti)e shock 
waves can operate on cells in ttie target area to enhance treatment effectiveness. In ttie case of tumor 
50 treatment for example, ttie shock waves used to release anti-tumor drug from ttie liposomes may Injure 
cells in the tumor area so as to inhibit tumor growtti and/or affect tumor cells so as to have an 
advantageous effect on ttie uptake of biologically active substances into such cells. The uptake by cells is 
characteristically due to diffusion processes which are countered by active membrane transport out of ttie 
cell. Shock waves can affect such systems to enhance ttie effect of a drug on ttie cells. It appears ttiat 
. 55 shock wave treatment also can result in a greater exposure of letfial targets inside ttie cells, and/or repair 
mechanisms of the cell t>eing compromised. Therefore, not only does ttie present invention enhance ttie 
uptake of ttie biologically active substance due to large local concentration of ttie drug In ttie target area, 
but it concurrentty conditions the cells in the target area in such a manner ttiat ttie dnig uptake is enhanced. 
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The liposomes which are useful in the present invention include those having the two standard forms, 
namely multilamellar vesicles made up of plural lipid bllayers and unilamellar vesicles containing a single 
bilayer. The lipid molecules form bilayer membranes jvhen they are mixed with water because the 
molecules have hydrophobic or water-insoluble talis and hydrophllic or -polar* heads. Two fatty add chains 
6 each containing from 10 to 24 carbon atoms typically make up the hydrophobic tail of most naturally 
occurring lipids. As a result when fipids are mixed with water, the hydrophobic tails are attracted to each 
other to exclude water and the hydrophilic heads bind to water thereby forming a bilayer in which the fatly 
acid tails point Into the membrane's interior, and the polar head groups point outward. 

The structure of such membranes is generally characterized as a "fluid-mosaic-membrane* and is 

70 Illustrated in Rgure 2. Specifically, lipid molecules 2 having hydrophylic heads 4 arwj hydrophobic tails 6 
form a double lipid layer 8 such that the hydrophobic tails face each other and the hydrophylic heads form 
the Interface with the respective aqueous phases at the surface and interior of the liposome. For charged 
tons of the aqueous phases, the non-polar inner portion of the membrane fonned by the hydrophobic tails 
represents a high energy banier %vhich is lipid-lnsoluble. 

16 The lipid membranes are generally considered to be of a "liquid crystalline phase" having an order 
falling between the three dimensional order of a crystal and the random distribution of a liquid. Such liquid 
crystalline stmctures permits lateral diffusion (lateral interchange of sites within a layer) times on the order 
of 10-* seconds. However, transverse exchange p.e., flip-flop of lipid molecules from one layer to the other) 
is possible, but only in terms of hours or days. The resistance of artificial lipid membranes consisting of 

20 pure lipid is about 10*0-cm(ohm-centimeters) which is about 10* times greater tiian that of cell membranes. 
Rgure 3 shows a typical strucaire of a spherical vesicle 16 which is fonned by a single lipid bilayer 8 
v^ich closes upon itself. As discussed above, botii multilamellar and unilamellar liposomes ai^e useful In the 
present invention and are formed when the lipids are mixed witii water. Unilamellar vesicles typically have 
diameters ranging from 200 to 1,000 angstrom units depending on tiie type of lipids used and the method 

2S Of preparation. Larger vesicle diameters result from an increase In membrane thickness as the resuK of the 
use of long chain fatty acids. Multilamellar vesicles may be prepared having diameters are large as about 
lOOum (micrometers). For applications in which the liposomes are intended to circulate In a patient's 
bloodstream, fiposome diameters of 1.5 micrometers or less (e.g., 1 micrometer) will be selected ordinarily 
to avoid stopping of the liposomes at unintended places in the blood paths. 

30 The loading of biologically active substances into liposomes is well known. As the liposome fonns, any 
water-soluble molecules that have been added to the water are incorporated Into ttie aqueous spaces in tfie 
interior of tiie spheres, whereas any lipitf-soluble molecules added to the solvent during vesicle formation 
are incorporated into the lipid bilayer. Specifically, tiie biologically active substances may be dissolved in an 
organic solvent togetfier witii the lipid and a detergent such as sodium chelate. In such a case, the 

96 blotogically active substance is present in the lipid film before tiie film Is solubliized. Alternatively, the 
substance may be dissolved in tfie aqueous phase (nomnally buffer) before the lipid film is dispersed. 

There are several methods which have been used to font) the vesicles from different lipids. These 
include ultrasonication of pure lipid, dialysis techniques, a method referred to In the art as the "freezeAhaw* 
mettiod and swelling of lipid layers witti water. Of these, the dialysis procedures are particularly effective. 

40 There are several dialysis procedures which may be used to obtain a homogeneous population of 
single-shelled lipid vesicles with a diameter of about 90 (nm) nanometers. To prepare the lipid, chloroform 
is evaporated under N, In a round-bottom flask to yield a thin film on the glass wall. This procedure Is 
repeated twice with ethyl ether. The lipid may the solubliized by adding a buffer containing 23 (mM) 
mlllimolar sodium chelate up to a concentration of 20 mg lipid per ml and rotating the flask for 20 minutes 

45 at room temperature and 2 minutes at 37"C. This is a stock solution and can be kept at -18*0 for several 
months and up to years. To fomi ttie liposomes, the stock solution is diluted by a buffer containing 23 mM 
Na-cholate to a final lipid concentration of 10 mg/ml. The solution is transfenred to 7 mm dialysis tubing and 
subiected to dialysis for 64 hours against buffer without chelate at 4*C. 

Another dialysis procedure applies tiie use of active materials to bind the detergent removed from the 

60 liposomes. Similar to tiie first procedure, tiiis mettiod allows a reduction of tiie dialysis buffer by a factor of 
100. 

A ttiird dialysis procedure which is particulariy effective to produce liposomes uses a commercial 
available apparatus, tiie Uposomat ®. This mettiod is schematically illustrated in Rgure 4. Specifically, ttiis 
mettiod involves continuous and rapid detergent removal from ttie llpfd-detergent micelle solutions and 
65 spontaneously leads to ttie formation of liposomes. The mixed lipid/detergent solution M is pumped by 
pump PI ttirough dialyser D1. The dialysis fluid B is continuously pumped by pump P2 through dialyser 
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To determine the amount of a particular biologically active substance which Is delivered to a targeted 
location, a radioimaging method may be used. That is, a radioactive substance such as technetium 99 (6 hr. 
half-life) encapsulated in. liposomes may be administered ^long with the liposome encapsulated drug. This 
may be accomplished either by encapsulating the radioactive substance along with the drug or by 

5 encapsulating the radioactive substance in liposomes v/hich are separate from those which canry the drug. 
The presence of the radioactive substance can then.be monitored using gamma camera imaging. The 
amount of radioactivity at the target will con-elate with the amount of biologically active substance which is 
delivered to the target From this information, the amount of encapsulated substance to be administered for 
a particular application can be optimized. 

10 Liposomes may be introduced In vivo by a number of different routes of administration such as 
intravenously (iv), intraperitoneally fip), Intnamuscularly fim). subcutaneously (sc). orally and topically. 
However, the particular route of administration may be closely related to the particular treatment goal. The 
method of administration pretended for many purposes of the present invention is intravenous administration. 
The targeting method of the present invention is further enhanced when combined with those targeting 

16 methods discussed above previously used with liposomes, namely passive, active and physicochemicat 
targeting methods. 

The present Invention may advantageously be appned in a number of different contexts. For exampie, 
the targeted release of the intravesicular volume of liposomes distributed in the blood is particularly 
applicable for the delivery of cytostatic substances in or near a target organ. 

20 Adriamydn (doxorubicin), for example, is a cytostatic dmg which is used In the treatment of a variety of 
different cancers such as carcinomas of tfie breast, ovary,, endometrium, bladder, thyroid and in combina- 
tion regimes for diffused lymphomas and Hodgkln's disease. It Is also useful In acute leukemias, Ewlng's 
sarcoma, osteogenic sarcoma, soft tissue sarcoma and neuroblastoma as well as multiple* myeloma and 
adenocardnomas of the stomach, prostate and testis. Generally, doxorubidn binds tightly to DNA by ite 

25 ability to intercalate between base pairs and. therefore, is preferentially concentrated in nuclear stmctures. 
Intercalation results in inhibition, by steric hindrance, of DNA synthesis and DNA-dependent RNA synthesis 
and the production of single strand breaks in DNA. 

As is common with this type of drug, the use of Adriamydn results in several adverse side effects. The 
most important toxicities involve the heart and bone marrow. It may cause transient cardiac arrythmlas and 

30 depression of myocardial function. Chronic cardiotoxidty^ has been reported by 30% of patients who 
received total doses greater than about 13.6 mg/kg (550 mg/m»). Clinically undetectable cardiac damage 
seems to occur witii each dose. Congestive heart failure may occur at low total doses or in several months 
after discontinuation of treatment The use of this dnjg also results In leukopenia, thrombocytopenia, 
alopeda, nausea, vomiting, stomatitus and esophagitis. In addition, impairment of hepatic function may 

95 result which may lead to severe myelosuppressive toxidty with therapeutic dosages. 

Cytostatic drugs generally experience a rapid uptake by all tissues. Therefore. It is difficult to supply 
enough of the drugs to a tumor without exposing the rest of the body to the toxic effects of the drugs. It is 
estimated that when cytostatic drugs such as Adriamydn are administered to the body in an untargeted 
manner, seventy-five percent of the dmg Is washed from the body, twenty-five percent Is fk>od6d 

40 throughout the body with only one percent actually treating the tumor. 

The method of the present Invention can reduce many of the above-described side effects of cytostatic 
drugs. Spedfically, the present invention would allow for the use of relatively stable liposomes thereby 
prompting isolation of the drug from the rest of the body and minimizing the uncontrollable release of the 
cytostatic drug throughout the body. In addition, the targeted release by shock waves of an increased 

46 concentration of the dmg in the vidnity of a tumor would likely enhance the uptake of an effective amount 
of ttie dmg in the tumor. Furtiiennore. the dosage of the delivered dmg may be controlled by regulating the 
number and timing of shock waves which are applied to a particular area of the body. This is espedally the 
case when Iv administration is used and tiie particular k)cation of treatment is well supplied with blood ( 
e.g., the kidney or liver ). 

50 Of course, there are other applications of tiie present invention which are available. For example, the 
method may be used for the release of anesthetics In a controlled and locally targeted manner so as to 
provide local anesthesia. Also, substances which prevent hemorrhaging may be released from liposomes in 
the area of the kidney during the treatment of kidney stones with shock waves, so as to help reduce 
bleeding during treatment 

55 Local disintegration of clots by controlled and targeted release of an appropriate biologically active 
substance Is even another potential use of the present invention. The present invention is also applicable to 
local hyperthermia by controlled and targeted release of substances which in subsequent chemteal 
reactions whh a positive thermal effect locally overheat the respective volume. 
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The liposome sample may then be administered intravenously to a patient having ovarian cancer over a 
period of 10-15 minutes. After completion of the bolus administration, ther'patient is subjected to shock wave 
treatment to release* ADM in the area of the tumor. The shodc waves are focused over about a 3 cm' are 
which includes the location of the tumor, and applied every few seconds over a period of time suitable to 
release a tumor cell Inhibiting sufficient amount of ADM as monitored by radioimaging. 

The foregoing description of the pref^nred embodiments of the invention is Intended as exemplary, and 
it will be appreciated that many modifications and variations of the present Invention are possible in, light of 
the above teachings and within the purview of the appended dims without departing from the spirit and 
intended scope of the Invention. 



Claims 



1. A method for delivering an increased concentration of cytostatic substance to the site of cancer ceils 
15 without concun'ently exposing all parts of the patient's body to the action of a high concentration of the 

cytostatic substance, said method comprising encapsulating the substance In liposomes, administering the 
liposomes to the patient so as to deliver at least a portion of the liposomes to the site of the cancer cells 
and directing acoustic shock waves to said site to release the cytostatic substance from the liposomes 
located at said site. 

2. A method for treating a tumor which comprises encapsulating a cytostatic drug in liposomes 
delivenng the fiposomes containing the encapsulated dmg to the site of the tumor, and focusing shock 
waves on the site of the tumor to release cytostatic drug from the liposomes at the site of the tumor. 

3. A method of enhancing the cell uptake of a biologically active substance, said method comprising 
encapsulating the substance In a liposome, delivering the encapsulated substance to the site of the cell 
and subjecting the Hposome and the cell to treatment with shock waves to condition the cell and to release 
at least a portion of the biologically active substance from the liposome at the site of the cell. 

4. A method according to claim 3. wherein said biologically active substance Is a cytostatic substance 
and wherein said cell is a cancer cell. 

5. A method according to daim 4 wherein the liposomes are administered intravenously in an amount 
suffident to provide a treatment effective concentration at the site of the cancer cells, and wherein said 
shock waves are focused on the zone where the cancer cells are located so as not to effect substantial 
release of cytostatic substance from the liposomes in the bloodstream as a whole outside said zone. • 

6. A method of limiting the systemic toxicity of a pharmacobglcal active agent administered to a 
mammal, comprising introdudng the agent into the body of the mammal within shock wave sensitive 
nposomes. and thereafter directing acoustic shock waves to a target zone within the body of the mammal to 
release the agent from the liposomes at the desired target zone. 

7. A method according to daim 6. wherein said liposomes have diameters of less than about 1^ 
micrometers and said Introduction step is earned out by Intravenous injection. 

8. A method according to claim 6, including fonming said fiposomes from (1) lipid material which 
provides lipid bilayers offering high resistance to leakage, and (2) another ingredient which coacts with the 
npid matenal to provide lipid bilayers sensitive to shock waves. 

9. A method according to daim 8, wherein the ingredient coacting with the lipid material is protein. 

ia A method of providing a predetemnined dose of a phamnacological active agent to a target area in 
me body of a mammal which comprises administering the agent to the mammal within shock wave sensitive 
46 nposomes. and thereafter directing acoustic shock waves to a target zone within the body of the mammal to 
release the agent from the Hposomes at the desired target zone. 

11. A method according to claim 10 wherein the phamiacological active agent is a cytostatic daio and 
the target zone Includes cancer cells. w 

12. A method according to daim 11 wherein the cell uptake of the agent Is enhanced by the shock 
50 wave treatment 

13. A method acconfing to daim 10. further comprising concurrentiy administering liposome encap- 
sulated tracer substance in a known proportion to said agent and nranitoring the concentration of ttw trac« 
substance at the target. 

14. A method according to daim 10 wherein ttie liposomes are substantially biologically stable and 
«5 contain irregularities in their lipid bilayers. / -» / » «iu 

15. A mettwd according to claim 14 wherein tiie irregularities are proteins. 

16. A mettiod according to claim 10 wherein the celhuptake in ttw target area of the agent Is enhanced 
by shock wave treatment 
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